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ABSTRACT 
Agricultural drought related to soil moisture which is characterized by a deficit of soil 
moisture. The condition leads to the limitedness for crop culture due to soil moisture 
availability is not enough for plant’s needs. Therefore, this research aims at finding when 
exactly the agricultural drought occurred using water balance approach. This research 
employed a descriptive exploratory method which was done by surveying in the field and 
also supported by laboratory analysis. The component of daily local weather data, included 
air temperature, air relative humidity, soil temperature, soil moisture, and rainfall at two 
locations, each at Ampel and Teras District, Central Java, Indonesia from October 1st, 2015 
to March 31st, 2016. Then laboratory analysis to determine soil water availability at pF 2.54 
– 4.2 was conducted using hydraulic properties calculator. The results show that the 
meteorological drought at both locations ended earlier than the agricultural drought, which 
was at the third decades (20th - 30th) of October 2015.  But the agricultural drought ended on 
decadal (Nov. 2nd and Nov. 5th, 2015) At Ampel and Teras district, respectively. During dry 
conditions, the rain-fed lands were left fallow until the end of the agricultural drought, 
which enters rainy season.  Start from this point, the lands can be planted with rice. 
Keyword: Soil available water, meteorological drought, decadal, local weather data 
1 INTRODUCTION 
Agricultural drought is a condition that occurs after meteorological drought as the results of 
lack of rain. Agricultural drought relates to the reduced moisture content in the soil so that it 
is no longer able to meet the water needs of the plant at a certain period, which is 
characterized by a shortage of soil moisture (Muliawan et al. 2012). 
Drought is an important issue for agriculture, especially rain-fed lands. The main constraint 
on rain-fed land is the availability of water highly depends on rainfall, so that the 
productivity is significantly affected by drought during the dry season (Permadi et al. 2005). 
Drought on rainfed lands can lower the productivity, due to the difficulty of maintaining 
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adequate soil moisture for plants. The continue dry condition promotes soil moisture in a 
state of a permanent wilting point or even lower. 
Soil water availability can be determined using the water balance approach. According to 
Reddy. Cit Alfred (2006), the land water balance arranged to get an overview of the 
condition of the availability of water for plants, the needs of water for crops and 
equalization between the two as well as the ability to store water in the soil during the 
plant’s growth. Setyawan (2011) used water balance analysis to established cropping 
patterns, by finding out the deficit or surplus period for each crop. The purpose of this 
research is to determine the occurrences period of meteorological and agricultural drought 
and to select the proper crop to be cultivated using water balance analysis. 
2 RESEARCH METHOD 
This study was conducted from October 2015 to June 2016. Observations of weather 
components were carried out at Ampel District (07o27’50.507” S 110o33’53.542” E), and 
Teras District (07o33’15.423” S 110o39’02.450” E) in Central Java, Indonesia. 
The weather data collected were daily rainfall (measured only one time when rainfall), air 
temperature, air relative humidity, soil temperature, soil moisture (measured three times 
each day). Soil texture analysis using (pipette method) is used to find the value of soil water 
availability (pF 2.54 – 4.2), by employing the hydraulic properties calculator (Saxton and 
Rawls 2006). Daily evapotranspiration (ETo) were calculated using Daily ET software 
(Allen et al. 2006) and Hargreaves method (Hargreaves, Samani 1985).  
It was assumed that initially, the research sites soil moisture were in field capacity at 
effective root depth (30 cm). Soil moisture decrease was due Evapotranspiration and soil 
moisture increase was due to rainfall. 
3 RESULTS AND DISCUSSION 
3.1 Rainfall 
In this study, the observed amount of precipitation to determine the occurrence of 
meteorological drought. How to determine drought meteorological by category seasons by 
BMKG, when rainfall is less than 150 mm/month it had entered the dry months 
(Mutjahiddin 2014). In addition, it is known if the amount of rainfall in a single decadal (10 
days) of less than 50 mm and was followed the next several decadal. Conversely, when the 
amount of rainfall in a single decadal is 50 mm and was followed by several subsequent 
decadal means already entered the rainy season (CFS Module 2016). 
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Figure 1. Decadal rainfall at Ampel District Oct 2015- March 2016 
 
Figure 2. Decadal rainfall at Teras District Oct 2015- March 2016 
Based on Figure 1 and 2 rainfall decadal, it is known that in the District and Sub-District 
Ampel Teras, starting from the first decadal in October 2015 through the third decadal in 
October 2015 was in the dry state meteorological. Next start decadal first in November 
2015 through the third decadal in March 2016 began to rain meteorological. 
3.2 Soil water dynamics based on daily water balance 
The dynamics of soil moisture was observed to determine the availability of water in the 
soil. Water is needed in agriculture depends on climatic characteristics that exist in an area 
such as precipitation, solar radiation, temperature, wind speed and air humidity. To 
determine the water balance for agriculture, must first determine crop water requirements 
and irrigation area to calculate water loss due to use (Gonzalez 1985). 
According to Kirkham (2014), a very dynamic ground water can be lost because of 
drainage, evaporation, transpiration. The addition of water can come from rain and 
irrigation. Water in the root zone can be lost by evaporation and transpiration process (Allen 
et al. 2006),  the plant water needs estimates from the quantity of water that used to 
evapotranspiration (Kowlozki 1986). Water management and crop yields can improve with 
using a reliable method for estimating a crop evapotranspiration (Hargreaves et al. 2003). 
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NRCS (2008) stated that available water is the maximum capacity of soil to supply water 
for the crop. It can be an indicator for soil water holding capacity for supply a crop needs. 
Available water position is between field capacity and permanent wilting point. Change the 
water in the soil were monitored intensively can be used to determine the agricultural 
drought or agronomist. Figure 3 shows that in the District Ampel can be seen that, at first 
groundwater conditions in October 2015 was at field capacity then continued to decline 
until it is in the condition of a permanent wilting point because there was no rain. Then 
because of rain, the water gradually rising water amount to the position on October 29, 
2015, in the position of water available, then declined again to be in the permanent wilting 
point. On 3 - 4 November 2015 the water in the position of the water available. 
Furthermore, after November 5, 2015, through March 2016 the position of the water is 
above the field capacity until the saturation point, meaning that excess water and typically 
become water runoff or runoff. 
Based on Figure 4, in the District of Teras, the position of the water at first is at field 
capacity from October 2015 and continued to decline until the permanent wilting point due 
to evapotranspiration. On 6 November 2015 - 30 November 2015 ground water is water 
available, because of a rainfall so that height increases to exceed the capacity of the field 
and reached saturation point, but on December 8, 2015, the water was in the position of 
water available, but then down again until the permanent wilting point because there was no 
rain. 
 
Figure 3. Soil water dynamics in Ampel District based on daily water balance 
 
Figure 4. Soil water dynamics in Teras District based on daily water balance
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Based on the results of the study, the initial of meteorological and agricultural drought is not 
much different. The difference between the beginning and end of the dry meteorological 
and dry agronomically can be caused by several factors one of which is the texture of the 
soil. In this case, the soil texture plays an important role in terms of water-holding capacity. 
Acharya et al. (2014) say that soil water holding capacity is the amount of water that given 
soil can hold against the force of gravity. Soil texture and organic matter are the key 
components that determine soil water holding capacity. According to Hillel (1982) the 
diameter of each soil texture fraction based on USDA, the sand  fraction with a diameter 
(0.05 - 2 mm), loamy fraction has a diameter (0.002 - 0.005 mm), and clay has a diameter 
less than 0.002 mm. According to Yazid et al. (2011), the amount of ground water collected 
depends on how quickly the soil absorbs and redirects the water received from the ground 
surface to the subsoil, the ability of soil to retain water is affected by the texture and organic 
matter. 
The root zone also has a water cycle (water balance) itself. Water can get into and out of the 
root zone at a certain time. The addition of water can come from irrigation and rain. Water 
can be lost due to a runoff in surface and because of percolation which will fill the water 
table. Water may also circulate upward by capillary rise from a shallow water table to the 
root zone or even transferred horizontally by the subsurface flow of incoming and outgoing 
in the root zone. The water in the root zone can be lost due to evaporation and 
transpiration(Allen et al. 2006). Actually, the water in the soil that can be used the plant not 
only from irrigation and rain water only. But can also be derived from the water table and 
ground water is raised to the top because of the capillary forces. The water table is the 
accumulation of rain and irrigation water that goes into the ground. At the time of the soil at 
the surface begins to dry, the pressure becomes smaller, while the soil below the surface 
that is wet or has water, the pressure becomes great. Thus the water in the soil will move to 
a smaller pressure (upstairs) by capillary force. But in this study, we did not observe and 
analyze up to the water coming from the ground. 
Changes in groundwater levels were monitored intensively can be used to determine the 
types of plants that can be planted on the site. When the position of the soil water content is 
in the permanent wilting point is better not planted or follow process is done because the 
water is not available to the plant. Furthermore, when the position of the soil moisture 
content is between permanent wilting point and field capacity, the land can be planted with 
vegetables or crops. Based on these results (Figure 3 and 4) the position of the water 
provided the time is very short so it could be in a short time it can be used by farmers for 
land preparation the next planting season. After that is when the water is above the field 
capacity, wet soil conditions it may even saturate, if the condition of the land such as this 
can be used by farmers to grow crops that need plenty of water supplies such as the rice 
plant. Crop water requirements than can be determined based approach to the dynamics of 
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soil moisture (water balance), according to Oldeman et al. (1980), the water requirement of 
rice is 150 mm per month, while for crops is 70 mm per month, assuming the chances of 
rain the same is 75%, then to meet the water needs of 150 mm per month of rice needed 
rainfall of 220 mm per month, while for crops needed rainfall of 120 mm per month. 
4 CONCLUSION AND SUGGESTION 
4.1 Conclusion 
Meteorological drought in District Ampel decadal ended in the third month of October 
2015, while agricultural drought (agronomist) ended on the first of November decadal (2 
November 2015). At the Teras District , the meteorological drought ended in the third 
decadal in October 2015, and agricultural drought (agronomist) decadal, decadal ends on 
the first of November (November 5, 2015). 
The type of plants that can be cultivated in the district of Ampel and Teras, based on this 
research can be adapted to the conditions of soil moisture and crop water needs. If the 
amount of rainfall of more than 120 mm per month can be planted with crops (corn, 
peanuts, soybeans) (November - December 2015). If the rainfall above 250 mm per month 
can be used to grow rice (February - March 2016). When conditions are dry better farming 
fallow land in advance or left fallow, because water is not available to the plant. 
4.2 Suggestion 
Based on the process and, things can be suggested is the need for further testing to find out 
when the start of the dry season in the agricultural and meteorological periods much longer. 
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